A new approach to 2-aryl-3-methylene-2,3-dihydroisothiazole 1,1-dioxides 11 from 3,4-dialkyl substituted N-phenyl-isothiazolium salts 6 via stable hydroperoxides 7 by reduction and elimination of water is introduced. Furthermore, 2-aryl-3-methylene-2,3-dihydroisothiazole 1,1-dioxides 11 are shown to be interesting synthons for the synthesis of 3-oxyfunctionalized sultams 8 and 9.
Introduction
Functionalized monocyclic sultams are known in the recent years to attract much attention due to their importance in biological and pharmaceutical research. 1 The first monocyclic 2,3-dihydroisothiazole 1,1-dioxide 1 (R 1 = NH 2 ) with anti-HIV-1 activity has recently been prepared. [1] [2] [3] The sultams 1 can be used as fungicides, herbicides and pesticides. 4 The synthesis of such cyclic vinylsultams 2 by ring-closing metathesis (RCM) of vinylsulfonamide templates in the presence of Grubbs catalyst has been described. 5 Sultams 3 react with cyclopentadiene in stereoselective Diels-Alder reactions to yield endonorbornenyl sulfonamides as the major diastereomer. Ring-opening metathesis polymerization (ROMP) of these cycloadducts was applied to prepare oligomeric sulfonamides (Scheme 1) . 6, 7 Page 200 © ARKAT-USA, Inc. Recently we prepared a series of 3-hydroperoxy-, hydroxy-as well as alkoxyderivatives by oxyfunctionalization of monocyclic isothiazolium salts 4 (R 1 = CH 3 ) which are unsubstituted at the 3-position. 8, 9 Here we report a new approach to introduce the oxy substituents at the methyl substituted 3-position of the isothiazole ring 6 with simultaneous oxidation of the sulfur to the sulfur dioxide in a one-step process. Furthermore we were able to compare now different pathways to prepare oxyfunctionalized 3-methyl-2,3-dihydroisothiazole 1,1-dioxides.
Results and Discussion
3-Methylisothiazolium salts 6, used as starting compounds for the following reactions, were synthesized by ring transformation of 3-unsubstituted isothiazolium salts 4 with anilines 5 by a known method (Scheme 2). The oxidation of unsubstituted (R 3 = H) and donor substituted (R 3 = OCH 3 , CH 3 ) salts 6a-c, f, g with hydrogen peroxide (30%) in acetic acid at 50°C gave after 8 hrs stable 3-hydroperoxysultams 7a-c,f,g in 19-81% yield (Scheme 3) . Surprisingly, the 3-hydroperoxysultams with acceptor groups 7d, e (R 3 = 4-Cl, 4-Br) could only be isolated as a mixture with methylenesultams 11d,e (Scheme 3). That gave us reason to investigate the formation of these new compounds. Scheme 3. Products 7-11 of the oxidation of isothazolium salts 6.
Here we present for the first time the synthesis of the stable, crystalline 2-aryl-3-methylene-2,3-dihydroisothiazole1,1-dioxides 11a-c,g formed by reduction of the hydroperoxides 7a-e,g with Na 2 SO 3 . 7H 2 O at r.t. for 24 hrs. We interpret the formation of 3-methylenesultams 11 as a two-step process. The reduction of 3-hydroperoxysultams 7 takes place in situ to give nonisolable 3-hydroxy-3-methylsultams 8 under these reaction conditions, which directly react by elimination of water to 11 a-e, g with a yield range of 10-86% (poor to good yields). Acceptor substituted 3-methylenesultams 11d, e (R 3 = 4-Cl, 4-Br) could only be isolated in a mixture with Exomethylenesultams 11 are favourable building blocks for the oxyfunctionalization in the 3-position. For the first time we obtained 3-alkyl substituted 3-hydroxysultams 8a-c,f,g as stable colourless crystals by the addition of water to a solution of 11 resulting in good to very good yields in the range of 40-99% (method A). We also were able to synthesize 8a,b in the presence of DMSO from the 3-hydroperoxides 7a,b (method C). Finally, we investigated the oxidation of the salts 6 with MMPP . 6H 2 O in an ultrasonic bath at 50°C (3 hrs) as previously described for monocyclic 4,5-dimethylisothiazolium salts, 9 and obtained 3-hydroxy-3-methylsultam 8a with 57% yield (method B). In contrast to the oxidation-reduction method with Na 2 SO 3 followed by elimination of water to produce 11a-e,g (method A), the method B starting from salts 6 was very convenient (Table 1 ). In the case of the 3-hydroxysultam 8c we observed the formation of 3-methylenesultam 11c from 8c by NMR-detection in DMSO-d 6 at 120°C within 2 hrs. 6H 2 O in ethanol in an ultrasonic bath (method D), the 3-ethoxysultam 9a was synthesized after 3 hrs resulting in a yield of 23%. In contrast, refluxing of the exomethylenesultams 11a,c in ethanol produced 3-ethoxysultams 9a,c resulting in good yields in a range of 60-63% (method E) .
Finally the oxidation of the salts 6b, d-g with hydrogen peroxide at 70 °C afforded the 3-oxosultams 10b,d-g as we have already described for 6a,c. 10 The mechanism of this reaction is explained by formation of 3-hydroperoxysultams 7, which are not isolated, but give stable 3-oxosultams 10 by elimination of water and methanol. The structure of these compounds was confirmed by X-ray structure analysis for derivative 10a in a former paper.
Conclusions
In summary, the oxidation of isothiazolium salts 6 with H 2 O 2 gives new 3-hydroperoxysultams 7 and 3-oxosultams 10. A new efficient method is introduced for the synthesis of 3-hydroxy-and 3-alkoxysultams 8 and 9 in a one-step reaction of isothiazolium salts 6 with MMPP . 6H 2 O, and also in a multi-step reaction via novel 3-methylene-functionalized sultams 11.
Experimental Section
General. Melting points were measured on a Boetius micro-melting-point apparatus and are corrected. 
General procedure for the preparation of 4,5-dialkyl-2-aryl-isothiazolium perchlorates (4) and 3,4-dialkyl-2-aryl-isothiazolium perchlorates (6)
The isothiazolium salts 4 and 6 were prepared according to the procedure described.
10,12,13
General procedure for the preparation of 2-aryl-3-hydroperoxy-2,3-dihydroisothiazole 1,1-dioxides (7)
The new 3-hydroperoxysultams 7b, d-g were prepared according to the procedure described. 3-Hydroxy-3,4-dimethyl-2-(4-methylphenyl)-2,3-dihydroisothiazole 1,1-dioxide (8b) 2-aryl-3-ethoxy-2,3-dihydroisothiazole  1,1-dioxides (9) Method D: 0.25 mmol isothiazolium salt 6 is dissolved with 4 mL ethanol. Then 1.5 mmol MMPP . 6H 2 O is added and stirred for 3hrs at 50°C in ultrasonic bath. To the mixture is given sat. NaHCO 3 -solution and the mixture is extracted with diethylether (3x). The combined organic layers are dried over MgSO 4 . The solvent is evaporated and 9 is purified by recrystallization from ethanol. Method E: 0.5 mmol 3-methylene-2,3-dihydroisothiazole 1,1-dioxide 11 is refluxed with ethanol. After 10 min a small volume of the solvent is evaporated. Crystals of 9 are obtained, filtered off and dried. -2-(4-methoxyphenyl)-3,4-dimethyl-2,3-dihydroisothiazole 1,1-dioxide (9a) 2-(4-Chlorophenyl)-4-methyl-isothiazol-3(2H)-one 1,1-dioxide (10d) General procedure for the preparation of 2-aryl-3-methylene-2,3-dihydroisothiazole 1,1-dioxides (11). 1.0 mmol 2-aryl-3-hydroperoxy-2,3-dihydroisothiazole 1,1-dioxide 7 is suspended in 3 mL distilled water and 1.0 mmol Na 2 SO 3 . 7H 2 O is added. After 24 hrs stirring at room temperature 3 mL water are added to the mixture and extracted with 20 mL diethylether. The organic layers are washed with sat. NaCl-solution and water and dried over anhydrous Na 2 SO 4 . After evaporation of the solvent crystals of 11 are filtered off and dried. Methoxylphenyl)-4-methyl-3-methylene-2,3- 
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